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MigratoryAbstract We investigated variations in the shape and size of some bones and their adaptive signif-
icances in both sexes of the migratory yellow breasted bunting (Emberiza aureola Pallas, 1773) and
resident house sparrow (Passer domesticus Linnaeus, 1758) and tree sparrow (Passer montanus
Linnaeus, 1758). Measurements of the large bones like skull, beak, orbit, sternum, coracoid,
scapula, femur, tibiotarsus, humerus and metatarsus were recorded to ﬁnd out variations in their
measurements. The skull, cranial and sternum indices were also calculated. An attempt was also
made to correlate the structural differences of these bones between migratory and nonmigratory
species and also between sexes with their adaptive signiﬁcances. Principal component analysis indi-
cated 84.79% of the total variance. Discriminant function analysis shows distinct separation in the
bone lengths between the resident and migratory birds while there was little overlap between the
sexes. The proportion of original grouped cases correctly classiﬁed was found to be 95.0%.
Migratory bunting showed signiﬁcantly longer sternum, tibiotarsus, femur and humerus beside a
higher sternum when compared to those of resident sparrows. On the other hand, beak width,
sternum width and indices of cranium and sternum, were more in resident sparrows. Thus, our
studied birds seem to possess species speciﬁc adaptations by modifying their bones to ﬁt their modes
of living and conditions for better endurance and performance.
ª 2015 The Egyptian German Society for Zoology. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Most organisms have evolved by adapting to their ecological
niches. Unlike other organisms, birds are the class of verte-
brates which are highly mobile and extremely well adapted
to migration, and the phenomenon is displayed on a large scale
within this group (Moreau, 1972). They possess some unique
features which have equipped them with the adaptations for
34 N.S. Singh et al.the diverse conditions of life (Bhattacharya, 1994). These
adaptations may be structural, behavioural or physiological
which ensure them better survival and successful reproduction.
Behavioural and physiological studies are often correlated
between the avian body sizes and various parameters and are
faced with the problem of measuring accurately. Body mass
ﬂuctuates enormously depending on season, daily, or even
hourly (such as at feeding time, weather, and activity)
(Freeman and Jackson, 1990). However, the internal matric
such as bone is a reliable measure of structural size and a bio-
logically sensible predictor of average size within populations
(Freeman and Jackson, 1990). They offer more evident possi-
bilities for the study than other systems as they are less affected
by the above changes (Ladyguin, 2000). The avian skeleton has
been largely used in a systematic study (Fisher, 1944; Barnikol,
1952) and has attracted much attention to its function (Bock,
1966; Dzerdjinskiy, 1986; Hertel, 1994). The shape and size of
a bone is also a signiﬁcant factor in mediating its strength and
stiffness (Currey, 2002). Though, the skeletal system of birds
looks similar to that of the mammals, but with some important
differences. The avian bone is of light weight and is charac-
terised by the gradual reduction, loss and fusion of many skele-
tal elements. The expansion of pneumatised spaces within
some bones (Buhler, 1992; Fedducia, 1996; Cubo and
Casinos, 2000; Dececchi and Larsson, 2009) increases the efﬁ-
ciency of ﬂight while still maintaining the needed body support
(Dumont, 2010). Pneumatic bones are less vascularised and
possess pneumatic foramen for the entrance of pneumatic
diverticulum (Gutzwiller, 2010). Further, the structural fea-
tures of the bones in birds differ signiﬁcantly depending on
their species, habitat and mainly ﬂight capability (Duzler
et al., 2006). Although male and female birds differ in many
aspects related to behaviour, physiology and morphology, very
little is known about possible sex differences in the size of their
skeletal structures.
Although, most of the skeletal studies on birds have been
conﬁned to domestic species (Charuta et al., 2011; Ogugua
et al., 2012), some works have been carried out on wild birds
(Freeman and Jackson, 1990; Kushwaha, 2011), and the liter-
ature is far less as compared to their large number. Further, a
comparative study on avian skeletal structures relating to their
different modes of life i.e. migratory vs resident is scanty,
rather lacking. Therefore, the present study aims to investigate
the structural differences in the large bones of some migratory
yellow breasted bunting (Emberiza aureola Pallas, 1773) and
resident sparrows (House sparrow, Passer domesticus
Linnaeus, 1758 and tree sparrow, Passer montanus Linnaeus,
1758). An attempt was also made to correlate these structural
differences with their adaptive signiﬁcances and the strategies
birds adopt for different modes of life. The yellow-breasted
bunting is a passerine bird belonging to family Emberizidae,
almost of sparrow size measuring about 14–15 cm in length
and shows a distinct sexual dimorphism (Robson, 2005). It
breeds in North-east Europe through Siberia and across
Northern Asia through Korea and Japan. It is a migratory
bird, winters throughout a relatively small area in the
Southern and South-east Asia which includes Eastern Nepal,
North-east India, Bangladesh, Myanmar, Southern China,
Cambodia, Laos, Vietnam and Thailand (Byers et al., 1995).
The house sparrow is a sexual dimorphic passerine bird mea-
suring about 15 cm in length belonging to family Passeridae.
It is a widely distributed resident bird found abundantly inIndia except in the Himalayas above about 1500 m (Ali and
Ripley, 1974). The tree sparrow is also a passerine bird belong-
ing to family Passeridae. It is a small bird (12.5–14 cm in
length) with indistinct sexual dimorphism (Mullarney et al.,
1999). Its native range expands throughout Central and
Southern Europe, Central Asia and parts of South-east Asia
(Sibley and Monroe, 1990). In India, it is a resident bird dis-
tributed abundantly in the hilly regions of the North-Eastern
part.
Materials and methods
Bird procurement and rearing
Adult birds of all the three species were procured from their
wild habitats in different parts of the North-east India using
mist net in December 2012. They were stocked in different
compartments of an outdoor (size 3.6 · 3.6 · 2.5 m each) avi-
ary situated in the backyard of our department at Shillong,
India in an open area surrounded by natural vegetation and
receiving natural light and temperature conditions. Grasses,
sands and perches were provided inside the aviary to create a
natural environment as far as possible. Food (seeds of kakuni,
Setaria italica and paddy, Oriza sativa) and water were avail-
able ad libitum.
Experimental procedures and measurements
The birds (n= 10 each species), including both sexes in equal
ratio, were sacriﬁced to procure the required bones. The bones
were collected by boiling birds in 3% NaOH till the muscles
were completely dissolved. The muscle tissues that still
remained attached to the bones were removed with the help
of ﬁne forceps. The bones were then thoroughly washed with
water and dried at room temperature. The bones that got dam-
aged in the procurement procedure were not included in the
present study. All the measurements were made with the help
of the Vernier caliper to the nearest 0.1 mm. The skull length
(SKL) was measured as the distance between the anterior tip
of the beak and lambdoidal crest. The distance between the
distal ends of the two post-orbital processes was taken as the
skull width (SKW). Beak length (BL) was measured as the dis-
tance between the anterior tip of the upper jaw and the fronto-
nasal hinge. The width of fronto-nasal hinge was recorded as
the beak width (BW). The skull indices (SI) were calculated
by dividing skull width by skull length. The distance between
the fronto-nasal hinge and lambdoidal crest was measured as
the cranial length (CL). The cranial indices (CI) were calcu-
lated by dividing the cranial width/cranial length. The distance
between the dorsal frontal bone and quadratojugal was mea-
sured as the diameter of the eye orbit (OD). The distance
between the two craniolateral processes of the sternum was
taken as the width (STW), and the distance between the mid-
point of the cranial border of the sternum and the highest
point of the sternal crest was measured as sternum height
(STH). The length of the sternum (STL) was also measured.
The sternum indices (W/H value) were also calculated as per
Duzler et al. (2006). The lengths of the large bones like scapula
(S), femora (F), tibiotarsus (T), humeri (H) and metatarsus
(M) were also measured as they are actively involved in the
feeding, sight and locomotion (Biewener, 2005; Anderson
Variations in bones of passerine birds 35et al., 2008) and play a greater role in the adaptation to their
migratory and residential mode of lives. All the animals were
treated in accordance with the guidelines of the law and the
institutional ethics committee.
Statistical analyses
The data were analysed using principal component analysis
(PCA) in order to reduce the number of variables. Only those
factors of the PCA having highest eigenvalue (more than 1)
were considered. This was followed by discriminant function
analysis (DFA) to see the segregations between migratoryTable 1 Eigenvalues, % of variance and % of cumulative variance
migratory and resident birds.
Component Eigenvalues
PC 1 4.032
PC 2 2.638
PC 3 2.537
PC 4 1.447
PC 5 1.217
Table 2 Factor loadings for the ﬁve principal components and corr
the sizes of bones in migratory and resident birds.
Rotated component matrix
Morphometric measurements Component
PC1 PC2
OD .954
T .830 .30
F .711 .31
SKW .96
CL .295 .90
STH .378 .64
STW .104 .23
BW .57
SKL .383 .25
BL .220 .12
S .140 .15
STL .539
M .198 .19
H .204 .15
STH represent Sternum height, STW – Sternum width, STL – Sternum le
BL – Bill length, BW – Bill width, S – Scapula, F – Femur, T – Tibiotar
Table 3 Eigenvalues, % of variance and cumulative % of varianc
analysis of sizes of bones of the migratory and resident birds.
Function Eigenvalue % of Variance
1 7.923 68.3
2 2.508 21.6
3 .515 4.4
4 .406 3.5
5 .250 2.2
First 5 canonical discriminant functions.and resident birds and also between sexes. The indices of ster-
num, skull and cranium were analysed by a one way analysis of
variance (ANOVA) followed by Newman-Keul’s post hoc
mean comparison test with 95% conﬁdence limits.
Correlation coefﬁcient was also calculated.
Results
The results are presented in Tables 1–6 and Figs. 1–5. The
coefﬁcient of KMO and Bartlett’s test of speciﬁcity was found
to be acceptable for PCA and DA (0.712). In PCA, 5 compo-
nents explain 84.796% of the total variations in the 14for the ﬁve principal components for the sizes of bones of the
% of Variance Cumulative %
28.803 28.803
18.843 47.645
18.121 65.766
10.338 76.105
8.692 84.796
elations between the measured morphometric measurements for
PC3 PC4 PC5
4 .110 .337
6 .215 .130
2 .144
0 .185
1 .330 .280 .337
8 .892 .188
7 .794
8 .673 .293 .325
1 .116 .877 .156
3 .754
.239 .642 .223
6 .201 .861
3 .297 .733
ngth, SKL – Skull length, SKW – Skull width, CL – Cranium length,
sus, H – Humerus, M – Metacarpus and OD – Orbital diameter.
e for the ﬁrst ﬁve canonical discriminant functions used for the
Cumulative % Canonical correlation
68.3 .942
89.9 .846
94.3 .583
97.8 .537
100.0 .447
Table 4 Classiﬁcation result and predicted group membership of various measurements of bones of male bunting (MB), female
bunting (FB), male house sparrow (MHS), female house sparrow (FHS), male tree sparrow (MTS) and female tree sparrow (FTS).
Classiﬁcation results
Birds Predicted group membership Total
MB FB MHS FHS MTS FTS
Original Count MB 10 0 0 0 0 0 10
FB 0 10 0 0 0 0 10
MHS 0 0 10 0 0 0 10
FHS 0 0 1 8 0 1 10
MTS 0 0 0 0 10 0 10
FTS 0 0 0 0 1 9 10
% MB 100.0 .0 .0 .0 .0 .0 100.0
FB .0 100.0 .0 .0 .0 .0 100.0
MHS .0 .0 100.0 .0 .0 .0 100.0
FHS .0 .0 10.0 80.0 .0 10.0 100.0
MTS .0 .0 .0 .0 100.0 .0 100.0
FTS .0 .0 .0 .0 10.0 90.0 100.0
95.0% of original grouped cases correctly classiﬁed.
36 N.S. Singh et al.morphometric measurements. The PC1 accounts for 28.803%,
PC2 described 18.843%, PC3 described 18.121%, PC4
described 10.338% and PC5 described 8.692% of the total
variance (Table 1). PC1 explained signiﬁcantly the variations
in OD, T and F; PC2 explained the differences in SKW and
STH; PC3 explained the variations in STW, SKL and BW;
PC4 explained the variations in BL, S and STL while PC5
explained the variations in M and H signiﬁcantly (Table 2).
Further, the three dimensional plot of the ﬁrst three compo-
nents of PCA shows that most of the morphometric measure-
ments of bones can successfully account for the differentiation
of the migratory and resident birds (Fig. 1). The ﬁrst 5 canon-
ical discriminant functions of discriminant function analysis
(DFA) are presented in Table 3. Discriminant function analy-
sis of the ﬁrst two functions explains about 89.9% of the struc-
ture differences in bones correctly. The ﬁrst factor (Canonical
correlation = 0.942, Wilks’s k= 0.012, X2 = 218.959,
P< 0.0001) explains 68.3% while the 2nd factor (Canonical
correlation = 0.846, Wilks’s k= 0.107, X2 = 110.623,
P< 0.0001) explains 21.6%. The overall percentage of cor-
rectly classiﬁed cases was found to be 95.0% (Table 4).
There seems to be an overlap in the considered bone lengths
among the sexes of the resident and migratory birds while it
was distinctly separated between the residents and migratory
birds (Fig. 2). Thus, the migratory and resident birds can be
signiﬁcantly differentiated on the basis of the sizes of their
bone parameters. A study on the group means by Wilks’s k
indicated a signiﬁcant difference in the bones among the birds
and sexes except in SKW, CL and OD (Table 5). Fisher’s lin-
ear discriminant functions coefﬁcients are shown in Table 6.
Longer femur and humerus were observed in the migratory
bunting when compared to those in resident sparrows.
Longest femur and humerus were observed in male bunting
and the shortest in the female house sparrow while the lengths
of these bones were intermediate in both sexes of the tree spar-
row. Tibiotarsus was longer in migratory bunting when com-
pared to that in resident sparrows. However, the tibiotarsus
of male was longer when compared to that of female in bothbunting and house sparrows. Skull length and bill width were
longer in the resident birds with maximum in the male tree
sparrow and house sparrow, respectively (Fig. 3, Tables 5
and 6). The sternum width was the highest in resident male tree
sparrow while the lowest in migratory female bunting (Fig. 4,
Tables 5 and 6). The sternum length was the longest in the
male bunting and the shortest in the female tree sparrow
(Fig. 4, Tables 5 and 6). A study by a one way ANOVA on
the skull indices (F5,54 = 1.439, P= 0.2252) was found to be
insigniﬁcant (Fig. 5A). However, the cranial indices were sig-
niﬁcantly (F5,54 = 5.765, P= 0.002) more in the resident
house sparrow when compared to those of migratory bunting
(Fig. 5B). Though insigniﬁcant, the cranial indices were more
in tree sparrow when compared to those in bunting (P> 0.05).
The sternum indices (F5,54 = 17.43, P< 0.0001; one way
ANOVA) were maximum in the tree sparrow and minimum
in bunting (Fig. 5C). Correlation analysis revealed a signiﬁ-
cant negative correlation (r= 0.5289, P< 0.0001) between
the sternum indices and the length of sternum indicating that
the lesser the sternum indices the longer is the sternum length.
The correlation coefﬁcient analysis did not show any relation
(r= 0.0792, P= 0.5484) between the cranial index and bill
length. However, there was a positive correlation (r= 0.26,
P= 0.0440) between the cranial index and beak width show-
ing that with the increase in cranial capacity there is an
increase in beak width in our study birds.
Discussion
The present study revealed signiﬁcant variations in the size of
different bones among the three different passerine birds which
corresponded to their modes of lives. Some bones were signif-
icantly larger in size in the migratory bird when compared to
the resident species while others were larger in the resident
birds. A comparative study on the length of skulls of the
migratory and resident avian species indicated that there was
a signiﬁcant difference between the migratory bunting and res-
ident tree sparrow and also between males of the resident
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Variations in bones of passerine birds 37house sparrow and tree sparrow (Fig. 2 and Table 5).
Although variations in skull indices were found to be insignif-
icant, they were more in resident birds when compared to those
in migratory bunting (Fig. 5A). Further, the cranial indices
were more in the resident birds than in the migratory bunting
(Fig. 5B). This small increase in the skull and cranial indices in
the resident birds may be sufﬁcient to increase brain size which
provides enough intelligence to adapt better and compete with
the other local resident birds. Somewhat early, Winkler et al.
(2004), Sol et al. (2005) reported that the migratory avian spe-
cies have relatively small brain size compared to nonmigratory
species. Otherwise, brain size is a good indicator of beha-
vioural ﬂexibility, and the birds with relatively large brains
are more behaviourally ﬂexible and more capable of especially
foraging innovations compared to species with smaller brains
(Lefebre et al., 1997, 2004; Sol et al., 2005). Further, the wider
skull provides a sufﬁcient area for attachment of adductor
muscles, which help in feeding and in tight gripping of their
food materials (Kushwaha, 2011). In our study, bill length in
the house sparrow was much longer when compared to that
of bunting suggesting that the bill length of seed eating birds
with slightly higher cranial indices is moderately long.
However, the beak length of bunting was longer than in the
tree sparrow. There was a signiﬁcant correlation between the
increase in beak width and the increase in the skull
(r= 0.2766) and cranial indices (r= 0.2610). According to
Bock (1966), these small differences in the beak size reﬂect
the minor adaptive divergences in the closely related forms
and this difference may generally be related to a difference in
food preference. The increased beak width in the resident birds
might help them in enjoying the varieties of foods found
nearby, ranging from farm grain to the kitchen scribes which
are available throughout the year. Further, it also saves the
energy that is to be spent in searching for food. On the other
hand, migratory birds are very speciﬁc in their diets which
are important for some energy demanding events such as
migration, egg laying, living in the cold etc. (McWilliams
et al., 2004). As they migrate to a place having abundant food,
less competition for nesting space, milder climate, or longer
daylight hours (Shackelford et al., 2005), not much modiﬁca-
tion is needed in their beak size for other supplementary food
items.
The sternum height was more in migratory bunting when
compared with resident tree sparrow or house sparrow with
minimum in the tree sparrow. The reverse was true for the ster-
num width. The sternum length is much more in the bunting.
The higher sterna crest in the migratory birds provides enough
space for the strong ﬂight muscles to insert in sternal crest
(Baumel and Witmer, 1993; Poore et al., 1997; Dursun et al.,
2002). The height of sternal crest is related with the ﬂight capa-
bility and is higher in the strong ﬂying birds (Duzler et al.,
2006) while it is very low or even lacking in the nonﬂying birds
(Doguer and Erencin, 1964; Gultekin, 1974; King and
McLelland, 1975, 1985). Further, the width of the sternum
was found to be greater than its height in the swimming birds
examined while these values were approximately equal in ﬂying
birds (Duzler et al., 2006). The sternum indices were least in
the bunting, maximum in the tree sparrow and intermediate
in house sparrow. Duzler et al. (2006) studied three groups
of birds (ﬂying, walking and swimming) and observed that
the structure of the sternum differs according to their move-
ment and particularly ﬂight capability as well as species and
Table 6 Fisher linear discriminant function coefﬁcient test.
Classiﬁcation function coeﬃcients
Morphometric measurements Birds
MB FB MHS FHS MTS FTS
STH 20.425 21.721 25.640 26.016 28.155 26.532
STW 16.623 16.783 18.505 18.953 23.553 21.567
STL 12.181 12.278 11.929 11.916 11.457 10.438
SKL 54.728 53.846 54.799 54.772 53.836 53.531
SKW 17.413 17.245 17.964 17.621 17.701 17.529
BL .254 .328 1.609 .537 2.206 2.396
BW 41.997 41.943 47.092 46.081 44.163 42.640
S 28.489 29.955 28.566 27.975 27.862 28.318
F 60.122 61.658 57.741 56.290 57.246 57.115
T 22.473 21.801 25.662 24.752 25.842 26.401
H 76.419 73.015 73.885 70.215 71.244 72.143
M 20.248 -20.901 21.113 22.351 24.580 22.692
OD 207.068 206.041 207.673 208.208 206.472 203.868
(Constant) 3078.865 3032.969 3020.590 2937.678 2960.285 2853.046
Fisher’s linear discriminant functions.
Figure 1 Three dimensional plot of various measurements of
bones of the principal component scores.
Figure 2 Discriminant function analysis of the ﬁrst two func-
tions of various measurement of bones of male bunting (MB),
female bunting (FB), male house sparrow (MHS), female house
sparrow (FHS), male tree sparrow (MTS) and female tree sparrow
(FTS).
38 N.S. Singh et al.habitat. Further, the sternum indices of the ﬂying birds were
lesser than those of the birds of walking or swimming type.
Thus, the lesser sternum indices of bunting are due to longer
sternum height and lesser sternum width. It also has a longer
sternum length which gives more surface area for the ﬂight
muscles and fat bodies to attach and at the same time maintain
the ﬂight endurance for longer migratory ﬂights. Since fat
serves the purpose of stored food and fuel during migratory
ﬂights, its deposition in the non-migratory resident bird that
has easy access to food in the surrounding, would hamper its
ﬂight activity (Dixit and Singh, 2012) and therefore their ster-
num does not require the above modiﬁcations.
The lengths of femur, tibiotarsus and humerus were signif-
icantly more in the migratory bunting than those of the resi-
dent sparrows. The reduced length of scapula, femur,
tibiotarsus, humerus and metacarpal in the resident sparrows
as compared to that of bunting suggests their adaptation to
the resident mode of life. The humerus and metacarpal in
the males of bunting and house sparrow were much longerthan their females suggesting an improved locomotor perfor-
mance in them. An improved locomotor performance in males
is advantageous in defending larger territories which poten-
tially improves their reproductive success. In fact, the very
ability of males to persistently defend their territories may be
a criterion by which they are selected by females (Hoglund
and Lundberg, 1987; Vehrencamp et al., 1989; Lees et al.,
2012). Thus, we can conclude that both the migratory bunting
and the resident sparrows show species speciﬁc adaptations by
modifying their bones that ﬁt to their conditions, showing bet-
ter endurance and performance to their mode of lives.
Figure 3 Picture of skulls of male bunting (MB), female bunting
(FB), male house sparrow (MHS), female house sparrow (FHS),
male tree sparrow (MTS) and female tree sparrow (FTS). Scale
bar = 5 mm.
Figure 4 Picture showing sternums of male bunting (MB),
female bunting (FB), male house sparrow (MHS), female house
sparrow (FHS), male tree sparrow (MTS) and female tree sparrow
(FTS). Scale bar = 5 mm.
Figure 5 Differences in the (A) Skull indices, (B) Cranial indices,
(C) Sternum indices of male bunting (MB), female bunting (FB),
male house sparrow (MHS), female house sparrow (FHS), male
tree sparrow (MTS) and female tree sparrow (FTS).
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